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INTRODUCTION 


The  three  broad  divisions  of  nuclear  weapons  effects  are  blast, 
thermal  radiation,  and  nuclear  radiation.  Blast  effects  include  air- 
blast,  cratering,  and  ground  shock.  Thermal  radiation  Includes  the 
effects  of  heat  and  light.  The  divisions  of  nuclear  radiation  are  (a) 
the  initial  effects  which  Include  gamma  and  neutron  radiation  and  (b) 
the  residual  effects  which  include  induced  radiation  and  fallout.  The 
alpha  and  beta  effects  are  significant  only  within  distances  of  approxi- 
mately 2 meters  of  ground  zero  and  are  therefore  negligible  in  comparison 
with  other  effects. 

Restrictions  placed  on  nuclear  testing  by  regulations,  treaties, 
and  costs  made  it  Imperative  that  a large  portion  of  the  nuclear  weapons 
effects  research  be  done  through  experimental  and  simulation  techniques. 

The  objective  of  this  research  is  to  develop  an  experimental  tech- 
nique to  simulate  and  evaluate  the  effects  of  high  concentrations  of 
x-rays  resulting  from  a nuclear  detonation  on  missile  structures  (blow- 
off)  and  perform  basic  tests  to  establish  the  validity  of  the  technique. 

Prior  research  Investigated  the  effects  of  nuclear  weapons  on  missile 
structures  while  subjected  to  the  combined  loading  conditions  encountered 
in  a flight  environment  [ 1] . The  primary  effects  considered  were  pre- 
stress due  to  flight  loads,  pressure  from  the  air  blast,  and  heat  from 
the  flight  environment  plus  thermal  radiation  from  the  detonation. 

The  two  energy  sources  considered  to  explode  the  foil  on  the  surface 
were  a high  energy  capacitor  discharge  unit  and  a laser.  The  high 
energy  capacitor  discharge  unit  was  selected. 

Several  existing  methods  measure  the  slope  of  deformed  plates  using 
grids  projected  on  the  reflecting  surface  of  flat  plates  [2,3,4J.  How- 
ever, these  methods  are  usually  considered  cumbersome  and  more  immediate 
Moire'  techniques  have  been  developed  which  record  partial  slopes  directly. 
The  first  was  a double  exposure  method  developed  by  Llgtenberg  [ 5] . In 
this  method,  Llgtenberg  photographed  a grating  reflected  off  the  surface 
of  a polished  plate  before  deformation.  After  deformation  a second 
exposure  was  made  of  the  grating  projected  on  the  plate.  The  result  is 
a Moire'  pattern  appearing  on  the  negative  that  shows  the  partial  slope 
contours  of  the  plate  in  the  principal  directions  of  the  grid  lines, 

Rleder  and  Ritter  [6]  improved  the  accuracy  of  this  method  by  using  a 
partial  mirror  and  a line  grating  of  a greater  density.  Finally, 

Chlang  [71  has  used  the  method  of  Rleder  and  Ritter  to  measure  the 
partial  slopes  of  plates  subjected  to  a dynamic  loading.  A complete 
description  of  the  different  techniques  and  experimental  apparatus  is 
presented  by  Theocarls  [8]  and  Durelll  and  Parks  [9]. 
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The  original  technique  developed  by  Ligtenberg  and  the  subsequent 
improvements  have  enabled  the  partial  slopes  to  be  determined  directly 
by  a photograph.  However,  there  are  some  limitations  in  these  methods 
which  restrict  their  use.  The  plate  must  be  initially  flat;  otherwise, 
fringes  will  occur  due  to  the  Inital  curvature  of  the  plate.  For  exam- 
ple, black  Plexiglas  is  an  excellent  material  to  use  in  the  Ligtenberg 
method  because  of  the  good  surface  quality.  A polished  aluminum  plate 
has  enough  surface  variation  to  cause  many  initial  fringes.  The  use  of 
partial  mirrors  in  the  system  reduces  the  available  light  to  the  camera 
which  is  a limitation  when  high-speed  cameras  are  used  to  photograph  a 
dynamic  event.  Also,  double  exposures  are  difficult  for  dynamic  events. 

To  determine  the  response  of  flat  plates  subjected  to  blow-off,  a pro- 
jected grid  method  was  utilized  because  of  the  limitations  of  the  more 
direct  Moire'  methods.  A rotating  drum  camera  was  used  to  record  the 
event  with  light  illumination  provided  by  a pulsed  light  source  of 
approximately  8.6-msec  time  duration.  However,  all  of  the  available 
light  was  needed  to  expose  the  film  and  proper  film  exposure  could  not 
be  obtained  with  the  Ligtenberg  techniques. 

In  the  reflecting  grid  method  of  analysis,  the  data  reduction  is 
generally  more  difficult  than  the  Moire'  methods.  However,  if  analysis 
is  restricted  to  the  maximum  conditions  at  the  center  of  the  plate,  then 
the  amount  of  work  is  considerably  reduced.  Although  data  are  recorded 
for  the  complete  response  of  the  plate,  only  the  maximum  conditions  are 
Included  in  this  report. 

II.  THEORY 

A . General 

The  principle  of  the  method  used  to  record  slope  contours 
in  thin  plates  is  shown  schematically  in  Figure  1.  A light  field  is  used 
to  reflect  a grating  onto  the  reflective  surface  of  an  initially  flat 
plate.  After  deformation,  the  camera  records  the  distorted  grid  pattern 
reflected  by  the  deformed  plate. 

Refer  to  Figure  2 and  let  a point  a'  on  the  undeformed  plate 
reflect  light  from  a point  y^  on  the  grid  illuminated  by  collimated  light 

at  an  incident  angle  a.  When  the  plate  is  deformed,  point  a'  reflects 
light  from  a point  y^  on  the  grid.  When  the  plate  is  deformed,  the  angle 

of  rotation  of  the  plate  at  point  a'  is  denoted  by  3.  The  angle  0 can 
be  calculated  from  the  change  in  shape  of  the  grid  pattern. 
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CAMERA 


Figure  1.  Schematic  representation  of  apparatus  used  to  obtain 
the  partial  slopes  in  flat  plates. 

From  the  geometry  of  the  schematic  of  the  experimental  apparatus, 
the  target  of  the  angles  (a  + 20)  and  a can  be  calculated  as 


^4  ■ ^2 

tan  (a  + 23)  = — 

^3  ■ ^2 

tan  ice)  = (2) 

From  the  geometry  of  the  experimental  configuration,  the  following 
relationships  are  known: 

72  = y + Dy  (3) 

^4=^1-"  ‘^y^y 

y,  - (y  + !>,)  [^4^]  (5) 
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Figure  2.  Experimental  geometry  for  the  blow-off  simulation 
of  a flat  plate. 

where 

a = plate  center 

Gy  = grid  spacing  in  the  y direction 
N = number  of  grids  between  a'  and  a 

y 

B = slope  at  the  point  a'  . 

Equations  (1)  through  (5)  can  be  used  to  solve  for  the  slope  of  the  plate 
a'  which  has  the  following  form: 


Equation  (6)  is  the  basic  equation  which  relates  the  slope  of  the  plate 
at  point  a'  to  the  change  in  grid  spacing.  This  equation  can  be  sim- 
plified for  small  deformation  approximations  consistant  with  the  linear 
plate  theory.  However,  in  the  analysis  of  the  data,  Equation  (6)  will 
be  used  in  the  general  form. 

B.  Restrictions  for  Small  Angle  Changes 

The  results  for  tan  20  in  Equation  (6)  can  be  simplified 
based  on  small  angles  of  rotation  approximations.  The  angle  0 in 
Equations  (1)  and  (2)  can  be  put  in  the  following  form  consistant  with 
these  restrictions: 

( y ” y ^ 

tan  (20)  = I i — |l  - tan(o:)tan(20)  I - tan(o:)  (7) 

The  term  (y^  - y^)lz'  can  be  put  in  the  following  form: 


+ tan  a 


(8) 


Equations  (7)  and  (8)^ with  the  restriction  that  usually  in  an  experiment 
y^  - y^«z'  , can  be  reduced  to 


(yz.  - 


0 ^ 


ys) 


2 

cos  Oi 


2z' 


(9) 


Equation  (9)  in  this  restricted  form  agrees  with  the  methods  used  by 
Theocarls  [8]  and  Durelliand  Parks  [9], 

Figure  3 Illustrates  the  coordinate  system  and  location  of  the 

projected  grid  orders  on  the  f].at  plate.  A reference  mark  was  projected  on 

the  surface  of  the  plate  to  locate  the  plate  centerline  of  the  x and  y 

o o 

grid  orders.  Positive  and  negative  grid  orders  will  correspond  to  the 
positive  and  negative  coordinate  directions. 

C.  Stress-Strain-Displacement  Relationships  for  Linear 
Plate  Theory 

In  classical  plate  theory,  the  strain  components  are 
related  to  the  transverse  displacement  w(x,y,t)  and  the  in-plane  components 
u(x,y,t),  v(x,y,t)  as  shown  in  the  following  equations: 
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_ ^ 


yy  (Jy 


. 2 

dv  ^ d w 


dx 


(10) 


_ du  Sv  „ d^w 

^xy  Sy  dx  ^ SxSy 

The  nonzero  stress  components  are  related  to  the  strain  components  as 
shown  by  the  following  equations; 

^ "2  l«xx+  V 


a *= 

XX 


1 - V 
E 


-sr[€  +ve  -(1+  v)aAT] 

yy  1 - yy 


(11) 


xy  2(1  + v)  "^xy  ’ 


where 

u,  V,  and  w = displacements  in  the  x,  y,  and  z coordinate  direction, 
respectively, 

€ = strain  in  the.  x-direction 

XX 

€ * Strain  in  the  y-direction 

yy 

*=  shearing  strain 
a =•  stress  in  the  x-direction 

XX 

a =*  stress  in  the  y-direction 

yy 

T =*  shearing  stress 
xy 

a * coefficient  of  linear  expansion 
AT  =»  differential  temperature 

V =*  Poisson's  ratio. 
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m.  EXPERIMENTAL  GEOMETRY  AND  METHOD  OF  LOAD  APPLICATION 


A,  Plate  Foil  Sublimation  Experiments 

Initial  experiments  were  conducted  to  test  the  proposed 
plate-foil  design.  The  aluminum  plate  design  is  shown  in  Figure  4(a) , 
where  an  alummum  foil  is  bonded  to  a dielectric  layer  which  is  bonded  to 
the  aluminum  plate  test  specimen.  This  geometry  worked  very  well; 
however,  some  difficulties  were  encountered  which  restricted  the  eventual 
use  of  this  configuration.  The  reflecting  surface  of  the  plate  could 
not  be  polished  so  that  a highly  reflecting  flat  surface  could  be 
obtained.  When  a rectangular  grid  was  projected  on  the  surface  of  this 
plate,  the  reflected  pattern  was  distorted.  The  polished  surface  did  not 
reflect  enough  light  to  expose  the  film  properly. 

A plate  geometry,  as  shown  in  Figure  4(b),  was  made  and  tests  were 
conducted  to  determine  the  reflecting  surface  characteristics.  This 
surface  produced  very  good  results.  In  addition,  fabrication  of  the 
models  was  simplified.  The  model  consists  of  a clear  Plexiglas  plate 
^diich  has  been  painted  on  one  side  with  a flat  black  lacquer  paint. 
Aluminum  foil  of  99%  purity  is  then  bonded  to  the  painted  surface  using  a 
rubber  cement  compound.  The  black  surface  allows  the  front  surface  of 
the  plate  to  reflect  light  in  a very  efficient  manner  and  serves  as  a 
mask  for  the  light  generated  when  the  foil  sublimates. 

B.  Exploding  Foil  Experiments 

Blow-off  simulation  of  the  flat  plate  was  determined  by 
sublimating  the  aluminum  foil  with  a high  energy  capacitor  discharge 
unit . 


The  electrical  design  of  the  equipment  of  this  system  is  presented 
in  detail  in  a report  by  Cost  et  al.  [10],  Basically,  the  system  con- 
sists of  an  ld,600-J  high  energy  capacitor  discharge  unit  of  low  induc- 
tance electrical  energy  capable  of  delivering  rapid  pulses  of  intense 
electrical  currents.  The  unit  has  a main  capacitor  bank  which  consists 
of  a six  60-p.f  capacitors  in  parallel  producing  a combined  capacity  of 
360  pf.  The  main  bank  is  charged  from  a high  voltage  power  supply  which 
uses  a conventional  115-V  60-cycle  ac  power  supply  and  a high  voltage 
secondary  unit  consisting  of  four  No.  8020  tubes  in  a bridge  rectifier 
circuit.  Foil  sublimation  is  accomplished  by  mounting  the  flat  plate 
and  foil  (Figure  4)  in  a mounting  device  as  shown  in  Figure  5.  The  foil 
contacts  the  electrodes  and  sublimates  when  the  electrical  energy  is 
discharged  in  the  foil.  Initial  electrode  design,  as  shown  in  Figure  5, 
did  not  produce  a uniform  sublimation  of  the  foil.  Results  of  this 
design  are  shown  in  Figure  6.  The  corners  of  the  plate  did  not  sublimate 
and  the  high  speed  photographs  shown  in  Figure  6 indicate  a nonuniform 
sublimation  of  the  foil. 
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Figure  4(a) . Aluminum  plate  with  dielectric  layer 
and  foil  backing. 
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0.25  in 


0.001  in. 


Figure  4(b) . Plexiglas  plate  with  aluminum  foil  backing. 


Redesign  of  the  electrodes  is  shown  in  Figure  7.  Basically,  the 
only  difference  is  that  the  electrodes  make  contact  along  the  edge  of  the 
foil  instead  of  a small  area  at  the  plate  edge.  The  plate  holding 
fixture  is  made  of  G-10  phenolic  which  is  a good  insulator.  This  fixture 
has  produced  very  good  results  which  are  illustrated  in  Figure  8.  Also  a 
high  speed  photograph  of  the  foil  sublimation  is  shown  in  Figure  8.  A 
test  of  a 4 X 4 X 0.001-in.  aluminum  foil  with  a capacitor  bank  voltage 
of  7500  V was  conducted.  The  high  speed  camera  was  operated  at  a 
framing  rate  of  3000  frames/sec.  The  sublimation  time  of  the  foil 
was  measured  from  the  photographic  data  to  be  0.0159  sec. 


C.  Impulse  Calculations 


Prior  research  [11]  presented  Indicates  that  an  acceptable 
model  for  the  impulse  derived  from  the  sublimation  of  an  aluminum  foil 
on  an  insulatlve  substrate  is  given  as; 


I = 9150  ph  (E.  - E 
S ^ ' d s 


where 


E 

s 


P 

h 


2 

impulse  (Taps/ cm  ) 

capacitor  bank  energy  discharge  (Cal/gm) 
sublimation  energy  of  foil  (Cal/gm) 

O 

density  of  foil  (gm/cm  ) 
foil  thickness  (cm)  . 


(12) 
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Using  a density  of  p = 2.702  gm/cm  for  aluminum  evaluated  to  be 
approximately  99%  pure  by  mass  spectroscopy,  the  following  relations  hold 
true; 


1-mil  foil; 

= 62.797  (60.727  - Eg)°*^ 

(13) 

0.5-mll  foil; 

T = 31.399  (121.4597  - E )°*^ 

p s 

(14) 

0.25-mil  foil; 

T = 15.699  (242.919  - E )°*^ 

p ® 

(15) 

where 

V = Capacitor  bank  voltage  level  (kv) 
Eg  = 3200  (cal/gm) 

2 

I = Impulse  (Taps/cm  ) 

P 
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ire  7.  (a)  Redesign  of  electrodes  and  mounting  fixture;  (b)  Plate  specimen  loaded 

the  test  fixture;  (c)  Complete  sublimation  of  the  foil  in  the  redesigned  fixture 


Figure  8.  High  speed  photograph  of  foil  sublimation  with  redesigned 
electrodes  (framing  rate  3000  fps,  capacitor  bank  voltage  - 7500V, 
foil  area  - 4 X 4 X 0.001  in.). 
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Figure  9.  Schematic  diagram  for  triggering  the  strobe  light  source  with  the 
exploding  foil. 


D.  Experimental  Geometry  and  Timing  of  the  Event 

The  experimental  arrangement  used  for  the  timing  of  the 
sequence  of  events  in  the  exploding  of  the  foil  and  data  recording  is 
shown  in  Figures  9 and  10,  A voltage  divider  is  attached  across  the 
electrodes  of  the  exploding  foil  test  fixture  whose  output  is  used  to 
trigger  a Beckman  electronic  flash  through  an  oscilloscope . A complete 
assembly  is  shown  in  Figure  10.  Data  were  recorded  with  a high  speed 
rotating  drum  camera  with  a maximum  framing  rate  of  20,000  frames/ sec. 
This  camera  is  capable  of  recording  224  frames  with  a frame  separation 
of  39  psec  at  20,000  frames/sec.  Thus,  a flash  duration  of  8.6  msec 
is  sufficiently  short  so  that  the  camera  will  not  rewrite. 


IV.  DATA  ANALYSIS 

A.  Data  Collection 

Plate  response  was  determined  for  various  blow-off  simu- 
lations according  to  the  schedule  shown  in  Table  1.  Physical  para- 
meters for  Tests  1 through  38  are 

G = 0.5  in. 

X 

G = 0.5  in. 

y 

X = 11  in, 
y = 0,0  in. 
z = 32,0  in, 
z'  = 19.25  in. 

Physical  parameters  for  Tests  39  through  48  are 
G = 0.958  in. 

X 

G = 0.958  in. 

y 

X = 11.0  in. 
y = 0,0  in. 
z = 32  in. 
z'  = 19.25  in. 

All  data  were  recorded  by  a Beckman  rotating  drum  camera  using  Kodak 
2475  recording  film.  The  camera  speed  for  all  tests  was  17,800 
frames/sec.  Plate  response  Illustrating  the  shape  of  a deformed  grid 
for  a typical  test  is  shown  in  Figure  11, 
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TABLE  1.  EXPLODING  FOIL  TEST  SCHEDULE 


Test 

No . 

Foil 

Thickness 

(mil) 

Voltage 

Level 

(kV) 

Impulse 

(Taps/cm^) 

Plate 

Thickness 

(in.) 

1 

0.25 

rngm 

411.39 

0.25 

2 

0.25 

mm 

650.91 

0.25 

3 

0.25 

5.0 

841.47 

0.25 

4 

0.25 

5.5 

1011.13 

0.25 

5 

0.25 

6.0 

1169.03 

0.25 

6 

0.25 

6.5 

1319.40 

0.25 

7 

0.25 

7.0 

1465.56 

0.25 

8 

0.25 

7.5 

1605.92 

0.25 

9 

0.25 

8.0 

1744.41 

0.25 

10 

0.50 

5.5 

683.717 

0.25 

11 

0.50 

6.0 

1075.180 

0.25 

12 

0.50 

6.5 

1380.011 

0.25 

13 

0.50 

7.0 

1647.034 

0.25 

14 

0.50 

7.5 

1892.323 

0.25 

15 

0.50 

8.0 

2123.422 

0.25 

16 

1.00 

922.696 

0.25 

17 

1.00 

1645.386 

0.25 

18 

0.25 

411.39 

0.1875 

19 

0.25 

650.91 

0.1875 

20 

0.25 

5.0 

841.47 

0.1875 

21 

0.25 

1011.13 

0.1875 

22 

0.25 

1169.03 

0.1875 

23 

0.25 

1319.40 

0.1875 

24 

0.25 

7.0 

1464.56 

0.1875 

25 

0.25 

7.5 

1605.92 

0.1875 

26 

0.25 

8.0 

1744.41 

0.1875 

27 

0.50 

5.5 

683.717 

0.1875 

28 

0.50 

6.0 

1075.180 

0.1875 

29 

0.50 

6.5 

1380.011 

0.1875 
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TABLE  1.  (Concluded) 


Test 

No. 

Foil 

Thickness 

(mil) 

Voltage 

Level 

(kV) 

Impulse 

2 

(Taps /cm  ) 

Plate 

Tnickness 

(in.) 

30 

0.50 

1647.034 

0.1875 

31 

0.50 

7.5 

1892.323 

0.1875 

32 

0.50 

8.0 

2123.422 

0.1875 

33 

7.5 

922.696 

0.1875 

34 

8.0 

1645.386 

0.1875 

35 

4.0 

411.39 

0.125 

36 

0.25 

4.5 

650.91 

0.125 

37 

0.25 

5.0 

841.47 

0.125 

38 

0.25 

1011.13 

0.125 

39 

0.25 

411.39 

0.125 

40 

0.25 

650.91 

0.125 

41 

0.25 

5.0 

841.47 

0.125 

42 

0.25 

5.5 

1011.13 

0.125 

43 

0.25 

6.0 

1169.03 

0.125 

44 

0.25 

6.5 

1319.40 

0.125 

45 

0.25 

7.0 

1464.56 

0.125 

46 

0.25 

7.5 

1605.92 

0.125 

47 

0.25 

8.0 

1744.41 

0.125 

48 

0.25 

8.0 

1744.41 

0.125 

NOTES;  On  tests  No.  38,  47,  and  48,  the  plate 
failed  under  the  test  conditions  and 
data  were  not  recorded  for  analysis. 
Figure  12  shows  the  failure  mode  of 
Test  No.  47. 


(a) 


(b) 


Figure  12.  Failure  of  test  No,  47:  (a)  specimen  with  clamp  holder, 

(b)  specimen  without  clamp  holder,  (c)  sublimated  side  of  specimen, 
(d)  fragments  of  broken  specimen. 
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Data  for  each  test  are  tabulated  in  the  Appendix.  The  location  of 
the  grid  orders  is  denoted  as  X 2>  X X^, . . . . Each  subscript  will 

denote  the  assigned  grid  order  as  illustrated  in  Figure  3.  In  each  test, 
several  frames  were  analyzed  to  obtain  enough  data  to  calculate  the 
maximum  strains. 


B.  Curve  Fit  Analysis 

Plate  response  was  calculated  for  the  maximum  conditions 
which  occurred  at  the  center  of  the  plate  for  specified  impulse  loading. 
Because  the  loading  conditions  were  observed  to  be  nearly  symmetrical  and 
data  were  calculated  at  the  midpoint  of  the  plate,  the  data  reduction 
and  use  of  Equation  (10)  were  simplified.  For  these  conditions.  Equations 
(10)  reduce  to  the  following  form; 


2 2 2 2 

Therefore,  if  the  curvatures  S w/3x  amd  S w/Sy  are  known,  then  the 
stress  and  strain  components  can  be  calculated  and  curvatures  are 
determined  from  the  change  in  shape  of  the  grid  lines  where  the  plate 
thickness  h is  known. 


If  grid  lines  are  oriented  with  lines  parallel  to  the  axes  of 
S3nnmetry  (Figure  3),  then  the  grid  changes  yield  the  partial  slopes 
along  each  of  the  axes.  Grid  lines  parallel  to  the  y-axis  will  yield 
the  partial  slopes  3^  = dw/dx,  and  lines  parallel  to  the  x-axis  will 

yield  partial  slopes  0^  = dw/dy, 

by  the  use  of  Equation  (6).  Then,  in  principle,  the  change  in  shape  of 
the  grid  lines  will  provide  enough  experimental  Information  to  calculate 
the  strain  components  by  numberical  differentiation  of  the  0 and  0 
curves . * y 


The  slopes  0 and  0 are  calculated 


Because  the  data  can  be  approximated  as  symmetrical  with  respect 
to  the  midpoint  of  the  plate,  hw/dx  =»  dw/dy  = 0;  therefore,  0 =0  = 0 

2 2 2 2 *^ 

at  the  plate  center.  Plate  curvatures  3 w/dx  and  d w/dy  were 
evaluated  by  fitting  a cubic  spline  through  the  grid  order  data.  The 
cubic  spline  has  the  form 

2 . 3 

0 = a,x  + a.x  + a-x  . 

i 2 3 
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(17) 


A difference  function  was  then  formed  as  defined  by  the  following 
equation: 


when  thexj^,  are  the  input  data.  Constants  a^  are  determined  from  a 
minimization  of  the  difference  function  as  defined  by 


=.  0 


(19) 


Equations  (15)  can  be  put  in  the  following  form; 
®1^2  ^2^3  ®3^4  “ ^1 


^1^3  ^2^4  ^3’‘5  “ ^2 


(20) 


a,x,  + a x_  + ax  = 3~ 
14  ^ j J 


where 


Zx^  = 


Zxj_  pi  = 0 


(21) 


Equations  (15)  were  solved  for  the  constants  a^,  a^,  and  a^. 

2 2 

Plate  curvature  d w/dx  can  be  evaluated  from  the  data  because 
2 2 

0 w/dx  = d6^/dx|x  = 0 and  from  Equation  (17)  = 0 = a^  . The 

2 2 ^ 
curvature  d w/dy  at  the  plate  center  can  be  evaluated  in  a similar 

manner  using  the  grid  order  data  y o,  y ,>  y 

-z  o 

C.  Error  Analysis 


To  study  the  plate  deflections  of  a Plexiglas  specimen, 
a high-speed  camera  operating  at  approximately  17,800  frames/sec  was 
used.  This  results  in  a discrete  sampling  interval  of  approximately 
0.0562  msec  perframe.  The  period  of  free  vibration  for  the  0.1875-in. 
plates  is  approximately  562  Hz  while  the  0.250-ln.  plates  vibrate  at 
approximately  500  hz.  This  means  that  approximately  20  to  40  frames  of 
data  can  be  obtained  for  one  complete  cycle  of  a plate  vibrating  freely 
using  the  specified  sampling  interval.  However,  it  is  still  possible  to 


miss  the  point  of  maximum  plate  deflection  because  it  can  occur  in  any 
0.0562-msec  interval  and  be  undetected  by  a high  speed  camera.  This  is 
one  of  the  contributing  factors  of  data  scatter  in  this  analysis. 

Another  fact  )r  of  error  in  the  analysis  is  due  to  locating  the  grid 
centers  of  the  photographed  plate  deflections.  Errors  in  locating  the 
grid  centers  can  be  multiplied  by  a factor  as  large  as  five  or  six. 

To  minimise  this  error,  a photomicrometer  was  used  at  20X  power  to 
digitize  the  grid  centers  of  the  deflection  photographs. 

Errors  can  also  be  made  in  centering  the  camera  equipment  and 
measuring  the  various  distances  used  in  the  analysis.  These  errors  are 
considered  to  be  trivial  when  compared  with  discrete  sampling  errors 
and  errors  due  to  digitizing  grid  locations. 

Finally,  the  sublimation  phenomenon  of  a foil  is  a complex  problem. 
Surface  irregularities,  poor  electrode  contact,  atmospheric  conditions, 
foil  surface  conditions,  etc.  will  play  a part  in  the  scatter  of  the 
data.  The  electrical  characteristics  of  the  capacitor  bank  and  electrical 
energy  transport  cables  contribute  significantly  to  the  complexity  of 
the  problem.  Irregularities  in  their  characteristics  contribute  to 
data  scatter.  The  total  estimated  error  in  the  results  when  all  of 
these  factors  are  considered  can  be  as  great  as  15%  to  20%. 

The  only  sources  of  error  which  can  be  adequately  determined  are 
due  to  errors  in  distance  measurements  and  errors  in  digitizing  the 
data.  Distance  measurement  errors  are  estimated  to  be  less  than  1%. 

An  indication  of  errors  due  to  digitizing  the  film  data  can  be  made  by 

comparing  the  values  of  e and  € for  the  points  of  maximum  strain. 

“ XX  yy 

Theoretically,  they  should  be  equal  assuming  uniform  loading  conditions 
on  the  plates.  It  is  observed  from  the  computed  results  that 

generally  agrees  with  the  values  within  the  experimental  accuracy. 

V.  DISCUSSION  AND  RESULTS 

Table  2 tabulates  the  results  of  Experiments  1 through  34. 

Each  test  shown  gives  the  corresponding  foil  thickness,  capacitor  bank 
voltage,  estimated  plate  impulse,  and  foil  energy  density.  The  maximum 
calculated  values  of  the  strain  in  both  the  x and  y directions  is  given 
for  the  center  of  the  plate. 

Figures  13  through  16  indicate  the  theoretical  plate  strains  of 
Plexiglas  versus  impulse  level  for  a linearly  decaying  pressure  profile 
[11],  The  actual  results  for  Tests  1 through  34  are  shown  in  Figures 
17  through  40.  A cubic  least  square  curve  fit  was  applied  to  the 
laboratory  data.  The  results  are  shown  with  each  figure.  These  equa- 
tions should  be  applied  only  over  the  experimental  domain  of  the  lab 
data.  The  results  for  strain  versus  impulse  level  are  generally  fairly 
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TABLE  2.  RESULTS  OF  EXPERIMENTS  1 THROUGH  34 
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TABLE  2.  (Concluded) 
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linear  which  corresponds  with  the  theoretical  results.  By  adjusting  the 
impulse  level  and  impulse  duration  of  the  theoretical  computer  solution, 
the  resulting  theoretical  curve  can  be  forced  to  agree  closely  with  the 
actual  laboratory  results.  The  experimental  work  described  here 
indicates  that  the  theoretical  model  for  impulse  due  to  roil  sublimation 
is  incomplete  and  requires  some  refinement.  The  curves  for  strain 
versus  capacitor  bank  voltage  level  and  foil  energy  density  should  be 
used  in  making  predictions  of  plate  response. 

The  strain  versus  Impulse  level  curves  indicate  two  possibilities: 

(1)  the  mathmatical  model  for  Impulse  versus  capacitor  bank  voltage  is 
incorrect  or  (2)  the  computer  equations  for  pressure  versus  time  are 
incorrect.  Although  a mathmatical  computer  solution  is  desirable,  it  is 
not  required  because  the  curves  for  strain  versus  foil  energy  density  are 
adequate.  Figures  17  through  40  show  that  the  plate  strains  are  functions 
of  foil  thickness;  for  identical  energy  densities,  thicker  foils  generally 
result  in  higher  strain  levels.  The  explanation  for  this  may  be  the 
result  of  a high  voltage  skin  effect  on  the  foil. 


VI.  SUMMARY  AND  CONCLUSIONS 

A technique  to  simulate  and  experimentally  evaluate  the 
effects  of  high  concentrations  of  x-rays  resulting  from  a nuclear 
detonation  on  missile  structures  was  developed.  Data  from  34  tests  were 
presented  to  demonstrate  the  technique.  In  these  tests  the  effects  of 
variations  in  the  foil  thickness,  capacitor  voltage,  and  plate  thickness 
on  the  total  Impulse  and  maximum  strain  in  the  structure  were  determined. 

The  experimental  error  of  these  tests  is  estimated  to  be  approxi- 
mately 157o  to  207o.  However,  this  should  not  reflect  on  the  technique 
because  the  major  error  source  is  the  17,800  frames/sec  framing  rate  of 
the  recording  camera  yielding  a 0.281-msec  interval  for  peak  deflection 
to  occur  and  not  be  recorded.  To  apply  this  technique,  a framing  rate 
of  50,000  to  100,000  frames/sec  should  be  used;  the  experimental  error 
should  then  be  less  than  107. . 

Although  the  actual  specimens  used  in  the  tests  were  made  of 
Plexiglas,  results  for  actual  missile  materials  such  as  aluminum  can  be 
obtained  through  equations  relating  the  material  properties. 

Four  other  tests  were  run  on  0.318-cm  thick  Plexiglas  specimen  but 
the  data  were  not  valid  because  of  excessive  deflections  and  fracture  of 
the  specimen. 

The  results  presented  show  that  there  is  a strong  indication  that 
the  sublimation  phenomenon  is  a function  of  the  following: 
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a)  Foil  geometry  and  material. 

b)  Electrical  characteristics  of  the  capacitor  discharge  device. 

c)  Electrical  energy  supplied  to  the  foil. 

d)  Surface  characteristics  of  the  foil. 

The  contribution  played  by  each  of  these  factors  and  their  correlation  to 
an  actual  sublimation  event  require  more  detailed  study  to  make  an 
accurate  estimation  of  the  effects  of  a nuclear  blast  on  a missile 
structure.  The  data  curves  indicate  that  foil  energy  density  is  not 
an  entirely  accurate  estimation  of  structural  performance  although  it 
does  indicate  certain  trends.  Considering  the  factors  involved  in  the 
analysis  of  the  data,  it  appears  that  given  a known  foil  geometry, 
an  accurate  prediction  of  plate  performance  can  be  achieved  for  a given 
foil  energy  density.  The  smoothing  effect  of  the  least  squares  cubic 
spline  curve  fit  to  the  experimental  data  should  be  used  when  data  are 
taken  from  the  experimental  graphs. 


figure  17.  Plate  strains  as  a function  of  foil  thickness. 
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Figure  18,  Plate  strains  as  a function  of  foil  thickness. 
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Figure  19,  Plate  strains  as  a function  of  foil  thickness. 
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Figure  20.  Plate  strains  as  a function  of  foil  thickness 
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Figure  21,  Plate  strains  as  a function  of  foil  thickness 
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Figure  24,  Plate  strains  as  a function  of  foil  thickness. 
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Figure  26.  Plate  strains  as  a function  of  foil  thickness. 
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Figure  27.  Plate  strains  as  a functionof  foil  thickness. 
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Figure  29.  Plate  strains  as  a functionof  foil  thickness, 
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Figure  30.  Plate  strains  as  a function  of  foil  thickness. 
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Figure  31.  Plate  strains  as  a function  of  foil  thickness. 
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Figure  36.  Plate  strains  as  a functionof  foil  thickness. 
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Figure  37.  Plate  strains  as  a function  of  foil  thickness. 
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Figure  39,  Plate  strains  as  a function  of  foil  thickness. 
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Appendix.  COMPUTER  CODES 


The  computer  code  shown  on  the  following  pages  was  used  to  reduce  the 
plate  deflection  data  of  Tests  1 through  34.  The  card  data  input  format 
is  as  follows: 

Card  (1) 

SF,GX,GY,X,Y,Z,ZP,H,T  9F5.0  FORMAT 

Card  (2) 

00009  This  card  separates  the  test  cases. 

Card  (3) 

IFN,  X_2.  X_j^,  Xq.  X^j^,  X_^2*  ^.2*  ^-1’  ^0’  ^+1’  ^2  ^5,  10F5.0  FORMAT 

• 

Card  (last)  15  FORMAT 

00000 
where 

SF  = Film  scale  factor 

GX  = Grid  spacing  in  the  x-direction 

GY  = Grid  spacing  in  the  y-dlrectlon 

'1 

Y ) = Location  of  camera  lens  in  the  specified  test  coordinate  system 
Z ) 

ZP  = Plate  to  grid  distance 
H = Plate  thickness 

T = Time  between  film  frame  exposures 

IFN  = film  frame  number  which  identifies  the  time  after  the  start  of 
of  the  sublimation  event  in  which  the  plate  has  deflected. 

X 2»  X Xq,  X^2  “Location  of  the  X-grid  orders 

^-2’  ^-IJ  ^0’  ^+1’  ^+2  ^ Location  of  the  Y-grid  orders 

Following  the  computer  code  is  a listing  of  the  data  used  in  the  strain 
analysis. 
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rt  -> 


BESi  A 


PPOORAM  MAlM(IN>PUT.f>l»TPI>T«TAPE'i=INP((T,T»Pe(S=nUTPUTI 
GBin  SLOPP  nFftrCTIPN  MWFP  PtATF  AMALY7FP  TOPE 
WPITTEM  PV  iOHN  a,  cCHAEFFPL.  JO. 

01 MENS I ON  X' (O) .Y1 (P) .WXI (P) .WYl (S) .XS(S) .YS(S) 

PE«0  (S,|>  CF.r,X.r,Y,X.Y.7.7P.H.T 
1 FOpmAT (PFS.' ) 

? REAOrS.O)  IFN.XI (1) ,X1 (?) .XI (3) ,X1 (4) ,X1 (5) . 

lYl (1 ) .Yl (?) .Yl (3) .Y) (A) .Yl (5) 

3 FOpMATdS.lPFS.O) 
lEdFN.FO.O)  OOTO  17 
lEdFN.FO.Pi  fiOTO  |c 
DO  4 1=1. S.1 

XSd)=APS(Xi  (I) -XI  (3))*«;F 
YSd)=ARS(Y1  (I)-Yl  (7)  )*0F 
IE(I.LT.3)  xSd)=-XC(I) 

4 IF(1,LT.3)  v«;d)=-Y«:(I) 

DO  5 1=1. S, I 
ANrFLOAT d )-3. 

wxi d)=TAN(-.P*(AT4M( ( (AN*OX-XS(I ) ) /7P ) * ( X /? ) ) - ATAK ( ( X ♦ XS (I ) ) /7) ) ) 
p WY)  d )=TAN(-.S*(ATAm(  ( (AN*OY-YSd)  ) /7P)  * (Y/7)  )-AT4K  ( ( Y*YS  ( 1)  ) /7)  ) ) 

r calculatf  stoain  data 

X6=0. 

xs=r. 

X4=0. 

X3=0. 

X2=0. 

Xl7=0. 

X1?=0. 

xll=0. 

Y6=0. 

YS=<). 

Y4=0. 

Y3=0. 

Y?=0. 

Y13=0. 

Yl?=0. 

Y11=C. 

no  A 1=1. s.) 
x?=x?.xs(i)*xs(i) 

X3=X3*XSd)*XS(d*xc:d) 

X4=X4*XSd)*XS(i  )*XS(I)*XS(I) 

XS=X5*XSd)*XS(I)*XS(l)*XSd)*XCd) 

X6=X6*XS(r)<‘XSd)*XSd>*XSd)*X':d)*XS(T> 

X11=X11.XS(T)*NX1 d)  • 

xi?=xi?.x5(f )*xs(i)*wxi d) 

X13=X13*XS(T)*XS(I)*XS(T)«WX1 d) 

Y?=Y2.YSd)<»YSd) 

Y3=Y3. YS ( I ) *YS ( 1 ) *YS ( I ) 

Y4=Y4*YS ( 1 ) *YS ( I ) •YC ( I ) *YS  ( I ) 

YS=YS*YS  • I ) *YS  ( T ) *Y«;  ( I ) *YS  ( I ) *YS  ( I ) 

Y6=Y6*YS  ( t ) *Y«:  ( I ) ‘YO  ( I ) ‘YS  ( I ) *Y«:  ( I ) *YS  ( t ) 

Yll=Yll*YS(T)*WYl d) 

Yl?=Vl?»YS(?)*YSd)*WYl  (I) 

4 Y17  = Y13*YS(T)*YS(T)*YSd)«V(Yl  d) 

PX13X4*X6-X-*X5 

RX7=X3*X6-X-.*XS 

RX7=X3*XS-X4*X4 
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7 

q 


10 


n 

1? 

n 

1<4 


m 

1'5 

?o 

!*> 

If. 

17 


PYIsY4»Yf>-Yc;*YS 

ry:>=Y3*Y6-Y4*Y5 


rnnv 

t ‘ " 


9Y3=Y3*YS-Y4*Y4 

WX?s(RX1*X11-9X?*XI?»RX3*X13)/(OX1*X?-9x2*X3*RX3*X4) 

WY?=(RY1*Y11-PY2*Y1?*RY3*Y13>/(0Y1*Y2-Ry2*Y3*RY3*Y4» 

TL=FL04T(IFm)*T 

EXX=(-H/?,)»WX2 

EYY=(-H/?.)*WY2 

PD=( (EXX-FYY)*2./<exX*FYY) )*100. 

WRTTE(6.7)  TFM 

FORMAT (14H  FRAME  NUmBFP=.I2) 

WRTTE(6.«)  TL 

FOPMATdAH  FLAPSFD  T IMpr  ,F  1 0 ,4, 1 X «f.H  MSFC.) 


WRTTE(6.R> 

F0RMAT(23H  TfgPUT  OATA  XI -XS,  Yl-Vi) 

WRITE (6. 10)  XI (1) »X1 (2) .XI (3) tXl  (4) ,X1 m) » 
lYl (1) .Y1 12) .Y1 (3) ,Yi (4) ,Y1(5) 

F0omaT(10FI'’.4) 

WPTTE(^.li) 

F0RMAT(33H  input  OATA  «?F  .6X  .OY  . X . Y . 7 . 7P  ,H.  T ) 

WRITE (4, 12)  SF.GX.Ov.X.Y.Z.ZP.H.T 
F0PMAT<RF10.4) 

WPrTE<6.13) 

FORMAT (12H  OUTPUT  DATA) 

WRTTE(6.14)  WX?.WY2.FXX,EYY»P0 
FORMAT (SH  WX?=.F10,4,IX,4HWY2=.FI0.4,1X. 
14HFXX=,F10.4,1X,4HEVY=.F10,4.1X,19HPFRCFNT  nTFFERFNrF=.F10.4) 
WRITEtft.lP) 

FORMAT (?«H  MXl (l)-WXl (S) ,WY1 (l)-WYl (5) ) 

WRITE (6. 19)  WXl (1) .WXl (2) .WXl (3) .WXl (4) .WXl (9) , 

IWYl (1 ) .WYl (?) ,WYI (3) .WYl <4) .WYl (5) 

FOPMAT(10Fn.4) 

WRITE(6.20) 

WPITE(f..20) 

FORMAT (?H  *1 
GOTO  ? 

WRTTE(6.16) 

F0PMAT(21H  

goto  2 

COMTINUF 

STOP 

ENO 


49 


iO  >0  IT  (\ 

1^ 

c 

^ 0 

^ c IT 

>f  j ^ h- 

fV 

c* 

p*- 

e c 

<v 

n 

0 c- 

fV 

fV 

C IT  f^  O' 

♦ 

X <0  IT  < 

4 

n 

0 f^ 

4 

r'  N 

r»» 

4 

U^  ^ c c 

> 

^ ^ ^ ^ 

V 

r 

> 

V 

^9  4 

• • • • 

• 

• 

• • 

• 

• • 

4 

4444 

IT 

0 4 rv 

4 

K 

0 n 

4 fV. 

4 

4 4 <n  -• 

<V.’ 

rv  4 

4 

4 

p*  ir 

^ K 4 IT 

4 

— U*  CN.  rj  4 

4 

ct 

(C  r»  CD 

4 

C 

IT 

^ CO 

4 CD  tn  cc 

c 

4 4 s C (C 

> 

4 

4 4 4 

> 

4 

4 

4 r; 

>444 

4 

>4444 

4 

4 4 4 

4 

4 

4 4 

444 

4 

4 4 4 4 

^ et  0 4 

cc 

c 

0 

cn  n 4 4 

ii>  e i\j  4 

h-  O'  0 0 

0 

e 

0 fT  O'  0 

0 O'  c 

C/  O'  O'  O'  e 

c.  0 

> 

r'  e 

0 0 <>  e 

e K © 0 0 

> 4 4 4 l/> 

> ir> 

4 

4 4 

> V>  4 4 IT 

> 4 IT  4 4 

4 4 4 4 

4 

4 

4 4 

4444 

4444 

0 M or  0 

4 

0 W cc 

0 oc  ^ 

a. 

« > in  0 

— <v.  cc  0 4 

— ir 

4 CV  4 

»-*  IT  C If 

4 

c»  If  r 

1 ^ Oj  ^ 

1 ^ 

CD  in 

1 — 0 — 

10^^^ 

> m IT  4r>  iT 

> i/> 

4 4 4 

> in  4 in 

in 

> 4 in  in  in 

4 4 4 4 

4 

444 

444 

4 

4444 

Z 

z 

z 

z 

IT  0 IT  4 

cv 

n CT  CC 

C ^ 4 

•c 

m 4 0 « 

«/i 

^ r»  IT  M Ox 

V] 

OJ  e 

(M  0 cc 

in  CM  ® oc  0 

in  IM  r»  4 ® 

a 

• Oj  r»  4 n 

a 

1 n 

0 CM 

a 1 fv  0 <r 

cv. 

cr 

i 0 n cn  oj 

UJ 

> ir  tr  IT 

> IT 

IT  4 4 

u.  > If  1/  U' 

ir 

UJ 

> IT  tf  IT  IT 

0 

4444 

0 

4 

444 

C 4 4 4 

4 

0 

4444 

a 

ft 

a 

a 

c 

0 

0 

0 

0 

0 

0 

0 

a 

n r>  4 0 

CL 

r> 

OJ  4 CM 

a 4 CM  CM 

a 

in  — 0 ^ 

c 

(vj  r»  IT  0 n 

0 

O.'  IT 

CC  IT  CM 

0 OJ  *£  CM  IT 

ff 

c 

CM  ® 0 IT  0 

♦ n n r> 

♦ CM 

CM  CM  CM 

♦ CM  n CM 

CM 

♦ CM  CM  CM  cn 

u. 

X IT  IT  tr»  IT 

I4. 

X IT 

IT  in  IT 

W X in  IT  IT 

in 

Ik 

X tn  IT  IT  If 

c 

4444 

C 

4 

444 

0 4 4 4 

4 

c 

4444 

z 

z 

z 

z 

c 

0 

0 

0 

»— 

> 

K 

K 

K 

4 

0 4 Oi  <C 

4 

n 

cn  tn  ® 

< 0 p^  0 

4 

< 

® 0 ® 0 

0 

^ CD  e 4 

<J 

CM 

m 0 or 

U ^ CM  in  IM 

4 

0 

M 4 c*^  CM  If 

c 

♦ ^ ^ (Vj  ^ 

c 

♦ 

^ PN  C- 

c 4 ^ 

c 

-I 

X IT  tnir  IT 

X in 

IT  tn  in 

j X in  in  IT 

in 

X in  in  in  ir> 

4444 

4 

4 14 

444 

4 

4444 

If  0 « > 

^ O'  c 

CM  If  <*1  0 

0 « C^  > 

4 e 0 0 

(7>  X 4 IT 

0000 

M c or  0 

e 0 e 0 0 

00000 

00000 

00000 

X in  in  in  4 

X 4 4 4 4 

X 4 4 4 4 

X in  4 4 in 

4444 

4444 

4444 

4444 

D (M  IT  (t 

tr 

-4  CM  cr 

r «-  0 

CM 

4-  CM  CM 

0 (M  0 CM 

>c 

in  0 CM 

sO  CM  >D 

in 

^ K 

n in  ^ 

1 a a 0 a 

1 rr 

0 

1 a a a 

0 

1 a 

a a 9 

X 4 4 4 4 

X 4 

4 4 4 

X 4 4 4 

4 

X 4 

4 4 4 

4444 

4 

444 

444 

4 

4 

444 

If 

IT  C^  4 

4 

cr 

p«  0 

4 0 C 

4 

IT 

If  a 

C\  4 

4 0 0 

o cv 

e 

4 > 

C^ 

4 O’ 

0 

0 

r 

a 0 

1 P- 

<£  in  <) 

1 p*- 

p^ 

•c  >c 

1 

O'-  ^ > 

>C 

f 

Px. 

<C  <£ 

p- 

X 4 

444 

X 4 

4 

4 4 

X 

4 4 4 

4 

X 

4 

4 4 

4 

4 

444 

4 

4 

4 4 

444 

4 

4 

4 4 

4 

C 

C 

c 

C 

Ik 

u 

u 

u 

0 

u 

1/ 

(/ 

1/ 

if 

0 

u 

V 

u 

Cf  V 

(/ 

;a 

u 

1/ 

V 

Cf 

V 

b 

If 

(f 

Cf 

If 

a 

z 

2 

2 

2 

a 

2 

3 2 

Q 

3 

2 

2 

j 

2 

a 

2 

2 

2 

T 

2 

< 

<f. 

c 

4 

a 

< 

k- 

C 

4 a 

4 

4 

e 

4 

a 

4 

4 

c 

4 

a 

> 

O 

4 

> 

or 

^ CM  4 

_J 

> 

or 

CM 

4 

> 

oc 

CM 

4 

u 

f 

ff 

CM 

u. 

9 

— CM 

u. 

4 

a 

cvi 

Ik 

4 

a 

CM 

CM 

<■« 

CM 

CM 

P-.  CM 

CM 

CM 

cv 

^ CM 

4 

4 

4 

4 

• 

4 

4 4 

• 

• 

4 

• 

4 

4 

4 

4 

> 

4 

> 

K 

4 

K 

4 

0 

c 

1/ 

c 

0 

r 

CM  CN 

If 

C 

r 

r' 

r- 

c** 

1/ 

C 

4 

4 

4 

4 

u 

b 

u 

U 

2 

> 

> 

> 

> 

50 


X 

•0  ^ <V'  X 

X X (V.  X « 

•n 

X 

X ^ 

’9  X 

(\J  <M 

«v 

r" 

n.  X n.  n. 

<v 

X X K r c 

n.  ^ 

X <V 

rv. 

X <v 

X •# 

♦ 

K 

^ X K X 

♦ 

K X <n  K X 

♦ K 

K 

K rt 

♦ 

K K 

K X 

> 

^ 

>• 

^ «» 

> X 

X 

X 

> 

<«  ^ 

0 0 <^  a <0 

K 0 M X 

IV  K 

9‘  X 

^ X r>  ^ 

^ K X A.  X ^ 

^ X >#  fn  K C 

*^K  X 

K 0^ 

^ K X K rr 

♦ X X X X X 

♦ X X X X X 

♦ X X 

X X 

^ X X X X 

> X 't  'O  X 

>•  't  ^ ^ 4^  't 

K X X 

X 

>•  X ^ X X 

O'  X a X X 

X K 0 K K 

X 

0 

X K 

X X X r. 

c nj  X 0 e 

•>4  X X 0 X 

0 

X 

0 X 

0 0 0 0 

c 0 K 0 0 0 

e X 0 X 0-  0 

xo 

0 

0 K 

e 0 0 0 0 

> ^ ^ X X 

> X •»  X 

► X 

X 

't  X 

V ^ X X X 

• 

« 

• • 

• • • • 

Kxnx  — 

X X m X X 

0 X 

K X 

© r>  rv  r) 

— <V  X K r 0 

^ r"  <v  K 

^ (V  (V 

cv  r 

^ r*  r*  *•  K 

1 M c ^ ^ 

1 mt^CD 

1 ^ ^ 

•m  0 

t 

K X X X X 

> X X X X X 

>•  X X 

X X 

>•  X X X X 

2 

2 

2 

2 

pm 

^ W X W 

© c © m © 

m 

IV 

**•  e 

© n 

X K 

X <V  X X X K K 

X IV  K © © © © 

X 

IV  X 

K 

X 0 

X 

IV 

X © 

r)  n 

a 1 

IV  © r'  rv  m 

ft 

1 

IV  IV  © IV  n 

ft 

1 

IV 

fV 

fV^ 

ft 

1 

(V  IV 

IV  IT 

U:  >* 

X X X X X 

U: 

>• 

X X X X X 

4u 

>•  X 

X 

X X 

tu 

>- 

X X 

X X 

0 

0 

0 

• 

• 

• • 

C 

• • 

• • 

Or 

ft 

ft 

ft 

0 

C 

0 

c 

C 

0 

0 

0 

a 

r>  X <■>«  IV  K 

ft 

0 n 0 0 

ft 

IV 

K IV 

ft 

K 00 

X r> 

0 rv 

IT  C X X 

© IV  r>  X © X X 

© 

fV 

© 

X ^ 

© 

IV 

0 X 

IV  0 

♦ 

IV  IV  1*)  IV  1*^ 

♦ 

IV IV  <v  rv  r*^ 

♦ IV 

(V 

ivm 

♦ 

•M  rv 

(V  IV 

u.  >< 

X X X X X 

u. 

K 

X X X X X 

U. 

X X 

X 

X X 

V. 

X 

X X 

X X 

c 

c 

0 

• 

• 

• • 

c 

• • 

• • 

2 

2 

2 

2 

0 

0 

C 

0 

H- 

r- 

K 

« 

n X >0  0 IV 

© 

0 ^ n ^ n 

X 

r> 

© 

X 0 

X 

X 

X © 

0 ^ 

•-  m X X K 

U 

«l« 

IV  m X r^  K 

u 

0 

r> 

IV  X 

© 

0 IV 

^ X 

C ♦ 

c 

♦ 

c 

♦ 

WM  pm 

•c 

♦ 

c •■« 

_l  X X X X X 

«l  X X X X X X 

u 

X X 

X 

X X 

© 

X 

X X 

X X 

• 

• 

• • 

• • 

• « 

K K © IV 

IV  X © © IV 

K X © © 

*>«  0 0 © 

0 0 0 0 c 

© © 0 0 e 

0 0 © M 

0 © 0 0 

00000© 

© © 0 0 © © 

e 0 0 © © 

00000 

X X X X X X 

X in  X X X X 

X X X X X 

X X X X X 

• • • • 

• • • • 

<f  9 CO  ^ 

^ D ^ r> 

I ft  a OL  or  «r 

X ^ ^ ^ 


f^ooirr- 
^ « in  N <Nj 
I X a a oc  a 
K >r ^ ^ 't 


^ s 
O'  N X ^ 

I a or  X a 

K ^ ^ 4-  ^ 


X e rv,  o 
« X X in 
I X X X a 
X ^ ^ <0 

• • • * 


C K 0 © K 

K X ^ 0 X 

© 

© 

0 K 

© 0 r>  X 

(V  © © © M X 

IV  © 0 M I*'  X 

IV  © 

r 

X © 

IV  © n © 0 

1 K © © K © 

• K © K K © 

1 K 

K 

K K 

• K K K © 

X X X X X X 

X X X X X X 

K X 

X 

X X 

X X X X X 

• 

• 

• • 

• • • • 

0 

c 

0 

0 

u. 

bJ 

b.' 

u; 

if 

V.  0 

V X X X 

X b X X X X«  X 

X 

b.-  X X)  X X 

X b X X X X 

0. 

2 Z 

2 S X 2 

ft  Z 2 Z Z X Z 

a 

z z z z z 

ft  Z Z 2 z Z 

< l-»  © 

© X © IV 

«•-*©©  X C IV 

^©  © ©fV 

X ^ © © © IV 

K C 

MlV  X K 

^ K c ^ rv  X K 

K®  XK 

«l  K © « X K 

lu 

© 

© ^ (V  r> 

bJ  © © ^ IV  D 

UJ 

© © ivn 

bj  © © ivn 

rv^ivn 

^ IV  ^ IV  m 

IV  IV  10 

cvn 

• 

• • • • 

• • • • 

• • • • 

^ • 

o in  m IT  in  m 

U.  2 


in  o « X X 

u.  2 


c « 


OK  K r» 

2 


X O X X 

u.  2 


X X 


51 


5173 


rv  ^ a cr 
♦ r'  irn 
> ^ 


r-  »c  « O'  O'  r> 

<\  r*  ^ Nf  ^ ff 
♦ r*  IT  (Vp  f'- 
> <4  ^ ^ <4 


^ O O 4^ 

<v  r <\  >,  r ^ A 
♦ f-  IT  >o  r*  X 
>444444 


<v;  m fv  rj 
rv  If  tr  ^ 

♦ 4 4 « 

> 4444 


•«  n ^ IT 
O'  4 ^ 
♦ iO  >>  4 eo 
>4444 


4 CC  CC  O O 
— 4 O «V  f-  4 

♦ OD  00  4 «D  IT 

>444444 


(V  4 flC  ^ C 4 
— 4 4 * 4 « ^ 
♦ {\j  CD  4 00  00 
>444444 


O >•  O r' 
— >•  4 if  O 
♦ 4 4 ir  CVJ 
>4444 


4 4 0 4 
IT  4 4 O 
‘ 4 O IT  O 
•4444 


O <V  ^ a 4 O 
00^004 

e o e C9  IT  o 
> 4 mm 4 iT 4 


M (V  ^ 0>  4 

40^000 

C <n  4 4 O cr  o 

> 4 m m 4 m m 


m > m © 
o o > ^ 

©0044 

>4444 


4 (vj  m o 
— c.  o > > 

14  — 4 — 
> 4 m 4 m 


4 m — — 4 4 
— fv.  m 4 « r <v 
I — -N  (Vi  f*.  ^ O 
> m m m 4 m 4 


Cn  4 O 4 4 O 

— © 4 r r.  o 

I m — (M  — — (Vj 

>4  m m m m m 


V 4 O (VJ 
— — IT  (V  4 

I — — 4 m 
> m m 4 4 


IV  4 m m 
v>  (vm o > m 
a I o 1^  > m 
uj  > 4 m 4 m 

o • • • • 

a 

o 


n > © (V IV.'  > 

IO(V40>4>© 
Ik  I (Vi(V4  0IV  — 
iL  >irmir4mir 

o •••••• 

a 

c 


4 <vi  r')  r>  4 
V>(Vl(VO>>44 
a I 4 fv  4 IVi  IV-  D 
u.>4miriririf 

o •••••• 

ck 

c 


0 4—4 
Ui  IV  D m 4 

a I (V  r>  o 4 

u.  > IT  m 4 4 

o • • • • 

a 

o 


a 4 IV  © 4 

c IV  r>  o o o 
♦ o rv  — (V 
u.  K 4 m m m 

o • • • • 


a 4 > > IV  © — 

C(v  — >>e4iv 

♦ IV  IV  (o  n IV 
u.xmmmmmm 
c 


(k  4 > <*)  IV—  4 
0(V04m444 
♦ IV  IV  4 <v  (V  r) 

u.xmmmmmm 
c 


O IVO  O — 4 
♦ ^ n <v  (V 
u.  K 4 m m m 

c • • • • 


< (V  4 4 IT 
o — 4 m 4 4 

o ♦>  — © — 
j K m m m m 


r;  IV  4 n 
4 0 0 4 
o m o o o 
K m m 4 4 


> 4 m 4 

— (V  (V  — o 
I 4 or  o or 
X m 4 4 4 


4 4 > (V  (V  4 r*> 

U— Oin44(*^4 

^Kmmmmmm 


D o 4 n o 4 
o e o 4 (V.  o 
o o e o o o o 
X 4 m 4 4 m 4 


> > fn  4 m 4 
— 4 4 o rv  > IV 
I a.  (X  a a a a 
X 4 4 4 4 © 4 


« o — 4 m I*)  (v 
(j  — o 40(V(va 
C ♦ o— (V  — — — 
^xirmmmmm 


4 r>  4 o (V  o 

o o oo  o o 
o o o c o © o 
X 4 m m 4 m m 


> — 4 m IT  o 
—440>4— 

I a a a a o c. 
X 4 4 4 4 4 4 


< n o o 4 
(J  —4  4 —(V 

^ X 4 m m4r 

• • • • 


o © e o o 
X 4 m m m 


4>  m4 
— m m 4 > 

I o a a a 
K m 4 4 4 

. • • • • 


4f  > 4 4 > 

rvo(v  (V  — 
I n 4 4 4 
X m 4 4 © 

• • • • 


4 4 4 e or; 

(V  4 IV.  e 4 m (f 
I > > 4 4 > 4 
X 4 4 4 4 4 4 


O 4 4 c m K 
^ > — K 4 4 (V 
I > > m>>  4 
X 4 4 4 4 4 4 


If  > © 4 

(V  r © > IT 

• 4 > > > 
X m 4 4 4 


(f  U.'  (f  IT  If  V 

a z z « X z 

« — O 4 • 

-J  > — 4 > 

Uj  4 O (V  I^ 
IV  n (V  n 


IfUOV  Ififl/lf 

azz^zzzz 

X— 40444IV 
..J>>4— «^Aj4> 
UJ  4 4 O — (V  r» 
— (V  ^ — (V 


IfUlf  (flfVlflf 

azjzzzxs 

« — 4©444^ 
J>4— r'(V4> 
Uj  4 4 O — (V  D 
— (V  f')  — IV  I*) 


If  U.  IT  V V If 

a X r r z J 

<—4044 
_l  > 4 — (V  4 
UJ  4 4 — (V 

— (V  — IV 

• • • • 


m ^ o o o o 


mocoooo© 


if  c rv  (vt  IV  rv 
u.  S i— 


r*  © a if 

K if  C 

c 

c 

if 

r-  X 

e X 

n c X <v 

« 

(\ 

^ ^ 

<v 

\f  ^ 

f- 

c 

IN 

•r  X 

X <v 

>t  ^ -4 

e 

♦ 

IN*  -x  r- 

♦ 

1^  X 

r* 

r- 

X 

« 

if  <N 

9- 

♦ 

K X fV 

if 

> 

X r X X 

> 

XXX 

X 

X 

X 

> 

X X 

r-  r* 

> 

X X X X 

X 

• • • • 

• • • 

» 

• 

• 

• • 

• • 

• • • • 

• 

X X © 

r*  K 

© 

© X © 

I*-  K 

9 9 

X X n X 

X 

© IN  h- 

— X if 

a 

X X ^ 

^ ^ ^ 

CC  IN 

^ X 

© r*  c 

♦ 

r> 

M X c 

♦ XX 

9 

X X X 

♦ X n 

O X 

♦ X 

X in  X X 

>• 

X 

XXX 

V X X 

X 

XXX 

V X X 

X 1^ 

> X 

X X X X 

• 

• • • 

• • 

• 

• • • 

• • 

• • 

• 

• • • • 

c >cir 

I-  if  O X © N 

X X 

a 

X 

INi  © 

X 

X 

XXX 

c^  © © 

n O' 

r>  X 

O' 

X>  if  O' 

9 

IN  © a 

© a O'  r a <r  < 

c r»*  X 

IN  9 

O 9 

X o 

9 

> X 

XXX 

> X X if  X X X 

V X X 

X 1^ 

>•  X 

XXX 

X 

• 

• • • 

• • 

• • 

• 

• • • 

• 

if  X ^ IT 

K X »*»  1^  m iNi 

X © 

OIN' 

r> 

O'  < X c 

« IN  © ^ r* 

X r 

« © 

— - IN  X p-  — 

1 

in  ^ p-t 

1 M-*  fv  ^ IN 

1 

<C  X 

If  O 

1 ••  © © .M  IN 

► 

X X if  if 

>•  If  if  If  if  if  if 

>- 

X X 

X X 

> © X X © © 

• • • • 

• • 

• • 

2 

Z 

z 

z 

r*  f'»  © X 

O C\i  © O ^ 

IN  © 

^ ^1.  © p«  ^ 

V>  IN* 

o © © ^ 

91 

IN  r*  X r*»  © ^ © 

© 

IN 

© X 

IN  © 

if>  IN  IN  X IN  r) 

ft 

1 

f-  if  IN*  IN* 

a 

1 IN*  IN  if  IN'  IN  IT 

a 

1 

© 

© ^ 

a 

1 (N  O X IN  X 

U. 

>• 

X X X a 

u* 

► © If  if  if  if  if 

u. 

X X 

X X 

u 

> 0 © X © © 

o 

• • • • 

c 

o 

• • 

• • 

O 

a 

a 

a 

O' 

o 

c 

o 

c 

o 

A 

o 

o 

•» 

or 

O X X X 

a 

if  X O f>  -♦  if 

a 

X «« 

r>  X 

a 

in  X X © X 

c 

IN* 

X INI  IN<  INI 

e 

IN  o X O l*>  INi  r* 

e 

IN  X © 

© N 

e 

IN  IN'  © ^ m X 

♦ 

^ f\j  IVi  INJ 

♦ IN  INI  f-  IN  IN  r* 

♦ 

IN 

(N  M 

♦ IN  If  IN  IN  n 

u. 

X 

IT  if  X X 

w 

X © if  if  if  if  IT 

ik 

X 

© © 

©© 

u. 

K © © © © © 

c 

• • • • 

c 

c 

• • 

• • 

c 

• • • • • 

7 

r 

z 

7 

c 

o 

c 

C 

►- 

»- 

X 

n X ^ 

X 

« IN  r)  •■«  X © 

X 

© IN 

IN© 

X 

a X X •-«  X 

o 

r>.  © © <*« 

u 

-♦  © m X <N  X 

u 

© IN 

IN  r* 

u 

«t  ^ © pn  fti  h> 

c 

♦ 

O 9 ^ 

c 

# M •.«  M ^ 

c 

♦ 

C ^ 

c 

♦ M ^ M ^ ^ 

X 

if  if  if  if 

X © © © © © © 

K 

© © 

© © 

X © © © © © 

• • • • 

• • 

• • 

a m pop  ^ 

X IN  © © 

X r-  X X 

«*  IN  © r*  <f 

f f*  X © 

r r X © © © 

O O © N 

e M c c 

o © © © © 

© o e © © e © 

© © © © © 

o c © c e © 

M X X X X 

»^  © © © X © X 

X X X X X 

X © © © © tf 

• • • • 

• • • • 

o 

^ OC  IN 

© K 

e 

r'  o 

X 

r'  © 

X 

X 

< 

e a 

gc 

p**  a 

X IN  r- 

^9  >1 

flC 

a o 

r 

^9  \r 

r- 

« 

© c 

a 

X 

1 n 

o c 

1 n a 

N 

a a 

c 

t o a 

d 

a 

1 a 

a O 

a 

(t 

X X 

XXX 

X X X 

X 

X X 

X 

XXX 

X 

X 

X X 

X X 

X 

X 

• 

• • • 

• • 

• 

• • 

• 

• * 

• 

• 

• 

• • 

• 

IN 

X 

X * 

r IN  f- 

IN  tf 

o 

O 

r 

© p* 

0 

© X 

X* 

i\  a 

O if 

IV  © X a 

X © 

if 

IV 

© 

IV 

IV  X 

f X 

© c 

p* 

© 

1 f- 

X* 

o 

• K r 

P-  P^ 

X 

1 

x* 

p- 

p*  p- 

1 p> 

X fic 

p* 

X 

X X 

X 

X X 

m X X X 

X X 

4 

X 

X 

X 

X X 

X X 

X X 

X 

X 

• 

• 

• • 

• • • 

• • 

• 

• 

• 

• • 

• 

• • 

• 

• 

c 

c. 

C 

u 

u. 

u 

© 

u © 

© 

© © 

© 

u 

V 

© 

© 

w 

© 

© 

© 

u 

© 

© 

© © 

© 

te.  © © 

© 

© © 

Q 

y y 

I 

1 1 

0 

a 

1 

a 

a 

a 

7 

a 

0 

t 

a 

a 

a a 

a 

a a a 

a 

a a 

« 

X o 

X 

c 

X 

X 

01 

f 

«• 

X 

X a 

« 

X c 

X 

O IN 

-I  p-  » 

«J 

X a 

f' 

IN 

>t 

X 

_* 

X 

« 

IN  X 

J X ® « 

ft> 

X X 

u. 

X 

© 

^ f 

u. 

X 

a 

o 

IV 

r 

u 

X 

X 

^ fj 

u. 

X « 

IN  m 

IN 

«i«  IN 

IN  x 

IN  n 

•IV 

pppfj 

M IN  «i4 

IN  r' 

• 

• 

• • 

• 

• 

• 

• 

• 

• 

• 

• 

• • 

• • 

• 

• • 

p- 

• 

X- 

• 

X 

• 

X 

• 

if 

c r 

r 

r 

© 

c 

X 

X 

X 

X 

X 

X 

© 

c 

1' 

© 

© © 

© 

C «<  X 

XXX 

b 

u 

u 

u 

5 ^ 

x- 

X 

X 

X 

53 


<v  cv  rv. 

♦ IT  oj 
^ ^ 


(V  ^ O M 

M rr  e c ^ 
♦ « ^ c « 
> ^ ^ 


^ <Vl  ^ ^ 

(Vt  9 e 
O K IT  O'  e 

>-  »t  »t  tr 


♦ h*  r^  a 
^ irif  o- 
I « « e ^ 
> ^ IT  «n 


r)^r*<y 

Ai  IT  «c  o « 

a i a r*  tvi  r' 
UJ  > ^9  >9  tr  IT 

o • * • • 

a 

c 


a ^ r^  flo  o 

o (M  oc  o o 

♦ <M  Al 
It.  IT  i/)  in  IT 

c • • • • 


« ^ t flc  h» 

U ^ O'  <w 

C « ,-1  ^ ^ 

^ IT  IT  IT  in 


«vi  ^ h- 

e o o o 
o o a e o 
X in  in  in 


(Si\r  tc  < 
•M  M C O IT 
I o ec  AT  a 

K 4 <4  4- 


fw  ^ «n  o 
(V>  A.'  if.  CC  O 

X ^ •♦ 


o 

U.' 

in  u V in  in  V 

a z z X T s. 

< ^ C o «C  (Vj 

-I  ^ ^ 

|^‘  CD  Aj  ^ 

^ Ai  A< 


V. 


^ « Af  c « 
A K C A K 4 K 
♦ A>  A>  « « K « 
>•  4 4 4 4 4 4 


oc  D M o <c 
^ O'  in  — r>  A*  ri 
« a O CO  CD  CD  CD 
>-444444 


IT  ^ O A>  A1  O 

00090^ 

oeecaoo 

>■  in  4 in  4 4 4 


Aj  ^mKOO- 
^ M 4 4 A 4 

>■  in  in  m in  in  in 


o in  O'  A I*)  O' 

lOAAA-^IADO 
a I A A r.  A A A 
It:  >-  in  in  in  in  in  in 

c •••••• 

a 

o 


QC  4)  CD  CD  4 <*)  in 
CA^in4®I^A- 

♦ ^ A n A A A 

lb  xinininintnm 
o 


4 O A e 4>  ^ A 
U^O‘»*®4«4 
c # o ^ ^ ^ ^ ^ 
.jxinininininm 


4 <”«  A A>  ® O' 
e ® 4 ^ or  «>« 
o ® 4 ® 04  e 
X in  4 in  in  4 in 


4 ^ f'“  D in  r*/ 

*t  4 n>  ^ A>  4 ® 
t a a a (T  a a 
X 4 4 4 4 4 4 


4 o r)  c h> 
A 4 « rj  n 4 4 
I A«4  4)r^A-K 
X 4 4 4 4 4 4 


inibinininininir 

axxzzxzz 

«^®e44CA 
JK®*-fnA4A- 
U;  ® ® 4 ^ A r> 
M A r>  ^ A r) 


in  o ® ® c « > cr  « 
1*.  2,^,^ 


in  e K n 
A r»  r o in 
♦ A-  K 
>-4444 


O A A 4 
^4  A A.A> 

♦ ® CD  ino 

>*4444 


^444 
e 4 n>  4 
o o 4 4 

>-  in  4 4 4 


4 4 4 D 
^ p-  IT  4 ^ 

I M C ^ 

>-  in  in  4in 


4 4 A4 
in  A D 4 4 1^ 
CK  I A A e A 
u»  >“  in  in  in  IT 

o • • • • 

ft 

o 


ft  A*  fO  O ^ 
C A ® A 4 
♦ A A n A 

lb  X m in  in  in 

c • • • • 


4 ^ A-  in  in 

U M M 4 4 A 

o ♦ ^ ^ ^ 

-I  X in  in  in  in 

• • • • 


o o o o o 

X in  in  in  in 


4 4 4 A 
M M 4 ® 
I O 9 o cr 
X 4 4 4 4 


10) 

A o m e in 

I « A*  A>  A» 
X 4 4 4 4 


C 

u> 

IT  b.  in  IT  in  IT 

a X X z X X 

4^404® 
^ K ® M A4 
Ui  4 ® M A 
^ A ^ A 


in  O 4 4 4 4 


4^044 
AO  ® o ^ r* 
♦ A>  A^  4 ® K 
>44444 


e M ^ in  A 
MO  4 in  ^ A> 
♦4994® 
>44444 


A ® 4 A^  4 
0 4 0^0 
O C 4 o o o 

>-  in  4 in  in  in 


4 4 ® > A 
M O O 4 M 4 
I ^ M ^ 

> m in  in  in  in 


M O 4 A M 
in  A e A A M A^ 
ft  I A A n A A 
lb  >•  IT  IT  in  IT  IT 

o • • • • • 

ft 

o 


ft  n 9 9*4  O 
C A A*  m 4 « r> 
♦ M A A M A 

lb  K in  in  in  in  IT 

c • • • • • 


« A>  O 4 M A 
O M 9 A M 4 M 
C ♦ o M pp  e M 
..j  X in  in  in  in  in 


A-#n®p"M 
4 0 4 4 0 
040444 
X 4 in  4 4 4 


A*,  fn  4 A 
MPNflCA-ftA- 
I O a o a o 
X 4 4 4 4 4 


in  V c a in 
A M in  4 ® IT 

• 9 K A A^  A> 
X 4 4 4 4 4 


9 b O’  9 in  o in 

a z z z X z X 

« ♦-  9 o 4 ® A 
^ A-  9 M D 4 A 
hi  9 ® 4 A ^ 
M A «*>  A «n 


in  o o o e c o 

lb  2 A A .'  A A n 


•A  •^0V  - 


m 

IT 

<SI 

a 

O 

a -• 

If 

O 

0m 

C 

O 

M A. 

if 

rv  ff 

r 

or 

a 

<v 

<r 

o 

a <\. 

4 

A 

'*  0 

■c 

A 

A 

A 

o r 

if 

♦ n 

♦ 

4* 

« 

If 

^ <x 

K 

♦ 

a 

<r 

If 

♦ 

If 

a 

« cc 

> ^ 

r. 

> 

4 

4 

4 

4 4 

4 

4 4 

4 

4 

>• 

4 

4 

4 4 

4 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• • 

• 

• • 

• 

• 

• 

• 

• • 

• 

r;  4 ^ 4 c m 

« K 4 CC  If 

— 9 -*9 

Cn  ^ O A<  A> 

— 9-  « 4 4 9 IT 

^ « C K 4 C 

M C 9 4 

pi*  <C  pp  IT  Aj  flC 

♦ 4 <V  9 «C  «C  00 

♦ (T  9 « 00  9 « 

♦ 9 OC  9 ^ 

♦ 4)  9 CC  9 00 

>-  4 4 D 4 4 4 

>444444 

> 4444 

>44444 

• • • • 

C C p«  A 9 C*' 

If  IT  A iT  If  IT 

^ 4 

iT  O 

9 ^ oc  or 

9 OC  9 9 e 

> o Aj  00  e e 

o e 

9 O 

K pp  9 e 9 

Oifl^  * 9 9 9 

e 9 e or  9 e 9 

r* 

e c 

e or 

9 > 9 9 4 9 

> 4 4 4 4 4 If 

> 4 tf'  4 4 IT  If' 

>■ 

iTir 

if  4 

> 4 IT  4 If  4 

• • 

• • 

O A'  a;  Clf  > 

A 9 If  9 C D 

W A PP  PP 

D ^ pp  A H» 

p-  e A r 4 p-  4 

p-  4 C > r 9 

9 — © 

-p  > © If  9 p- 

1 H If  n pp  pp  pp 

1 pp  9 pp  o p* 

1 

O pp  pp  9 

• 4 PP  PP  9 p« 

> 4 4 4 If  If  If 

> 4 If  4 If  If  if 

> 

If  If  If  4 

> 4 If  If  If  If 

• • • • 

Z 

Z 

Z 

pp 

w 

4)  r>  9 If  O pp 

e 4 4 4 9 > 

4pp  4 4 

4 If  If  <*)  © 

V) 

A e 4 Ai  e A 9 

4fAlfOA94ir 

A 

®pp9if 

If  A 4 9 © Hi  4 

a 

1 9 4 If  D Al  A 

ft  ICAppAppA 

ft 

1 

pp  A pp  e 

ft  1 9 pp«n  pp  A 

lA 

> 4 4 4 IT  If  IT 

u.  >i4irifiririf 

UJ 

> 

IT  IT  tf  If 

U.  H 4 If  If  IT  IT 

o 

c 

o 

• • • • 

O • • « • • 

ft 

ft 

a 

ft 

o 

c 

c 

c 

o 

o 

c 

o 

PM 

m* 

ft 

r»  > pp  4 pp  4) 

ft  4 (*)  K 4>  4 4 

ft 

9ir  n If 

ft  n If  © n 9 

c 

Al  9 4 If  > A If 

eA4©n®Kfn 

c 

A 

> pp  4 A 

e A 4 9*4  4 9 

♦ «>•  A r>  A A A 

♦ pp  A A A pp  A 

♦ 

pp  A Pp  A 

♦ pp  pp  <M  M pp 

u. 

4 If  If  If  If  If  If 

U.  Kifififififif 

u. 

X 

If  If  If  If 

W X If  If  If  If  If 

c 

c •••••• 

c 

• • • p 

C • P • • • 

7. 

z 

z 

c 

O 

o 

c 

p" 

Hi 

Hi 

H 

4 

pp  n 9 If  4 

4 4 9 A 4 4 4 

4 

4 > O 4 

4 4 4 4 4 4 

u 

pp  c.  9.  4 fn  pp  A 

0*"p99pp44pp 

u 

9 4 9 pp 

U pp  C 9 A H 4 

c 

O ♦CCppp-Cp* 

c 

♦ 

« pp  9 

O ♦ O © pp  9 pp 

K If  If  If  If  If  If 

^Klflflflftftf 

X 

If  If  If  If 

^ X If  If  If  If  if 

• • • • 

pp  4 r*  flt  pp  H 

n ri  If  If  rr  9 

©fT  4 4 

9 If  4 4 pp 

M O 9 9 © © 

pp  9 9 e 9 9 

••  © 9 4 

4 4 4 9 4 

e © © © 9 © © 

0099999 

4 

44  9 4 

444490 

X If  IT  If  4 If  If 

X If  4 4 If  4 4 

X 

If  If  4 If 

X If  If  If  4 If 

• • • • 

9 4 4 If  4 9 

A If  0,  If  4 A 

N 9 If  • D 

A 4 A e ^ 

pp  pp  4 A 4 or  4 

-prt  « 4 4 0 9 

pp  A 9 9 4 

pp  9 a pp  9 

1 9 « 4 a a a 

1 9 a a a 9 9 

1 0 a a <r 

X 4 4 4 4 4 4 

X 4 4 4 4 4 4 

X 4 4 4 4 

X 4 4 4 4 4 

• • • • 

4 4 If  4 n 4 

4 > A 4 if  A 

4 4 

4 if. 

©9044 

A A If  H A > 4 

(V.  If  H 4 pppp® 

f 

4 9 

9 4 

A 

4 © 4 (V  4 

• 4 > cn  H K > 

1 4 H H > 4 > 

• 

00  > 

H H 

1 

4 4 H C H 

X 4 4 4 4 4 4 

X 4 4 4 4 4 4 

X 

4 4 

• • 

4 4 

• • 

X 

4 4 4 4 4 

O 

Uj 

If  U.  If  If/  If  9'  If  If 

C 

U’ 

2_!fc_Sf 

If 

If 

If.  If.  If 

c 

U' 

If 

u 

If  If 

If  If 

c 

u. 

If  u V. 

If.  1/^ 

If  If. 

alzTZZZZ 

ft  Z s 

1 

T 

1 r X 

Q 

Z 

y s 

r X 

ft  X X 

X X 

X X 

4»-4«944«  A 

4 pp  4 

© 

4 

4 4 A 

PI 

4 9 

4 A 

4 *-•  4 

c 4 

4 A 

^HiCppnA4> 

^ > 4 

pp 

n 

A 4 K 

H 

4 H 

4 

4 > 

Ui  4 4 9 pp  A n 

U>  4 

4 

9 

pp  A n 

U. 

44 

A r> 

U.  4 

4 0 

A 

pp  A pp  A 

• 

A 

• 

m 

• 

pp  A n 

• • • 

M A 

• • 

Afl 

• • 

• 

A n 

• • 

A n 

• • 

> • 

> • 

> * 

If  O A A A A A 

If  c r r*  r»  A 

If  c 4 4 4 4 4 

lft.2  AAAAAA 

U ZAAAAAA 

u A r 0 «v  (V 

u 5 a rv.  ^ ^ iv 

> 

> 

H* 

55 


— ir  « a D 

f*  ^ a r 

♦ * IT  If 

> 4 -4  ^ ^ 


or  « (v.  (V' 

•-  <^  c f^  ^ 

♦ 9 K <0  'C  «C 

>>  >4  ^ <4  4 ^ 


s «-« X r>  o 

^^  ^ O fO  ^ 

<1-  a X c K c 

> 4 4 iT  4 »r 


« ^ fO  c*i  <o 
— a cv.  n r 4 
I o » ^ c »« 
> IT  4 IT  4 IT 


X <\»  IT 
(/>  f^J  » (M  « (\i  X 

a • o A/  X A; 

uj  >>  tr  tr  X 4 X 

o • • • • • 

a 

o 


a o 9 (^  (M  tr 

c <M  IT  <si  X 

♦ ^ Ai  AJ  Al 

w K iTir  If.  irir 

c • • • • • 


< « e a X 4 

U ^ A iMC;  ^ ^ 

c ♦ C ^ O 

^ K iTiT tr tr if 


X f-  4 4 -• 

o-  9 o c o 

C (^  <^  c o o 

K 4 4 ifir  tf 


4 a a 9 r> 
*«  *i*  x X e « 
I o o a r a 
K « 4 4 4 4 


A A X X Ai 
A r r*  4 r X 
I X r-  ^‘  X h* 
K 4 4 4 4 4 


U if  tf  4 (f  <f 

a 7 9f  I 7 s f 

« 4.  C 4 X A 

«J  H>  X ^ A 4 A 

U;  < X A r 

•-  A •■•  A #A 


V C if  X ir'  If 
U i f.  f f A f 


9 9 A^> 
A O •-  4 If 
♦ ifxxr- 
> 4 444 


4 O X X 

^ ^i.  ^ 

♦ X 9 9 X 
>-4444 


4 ^ © f**- 
If  ©09 
© K e c 9 
> 4 If  If  4 


— 9 

^ r 9 X «< 
f X © © ^ 
V 4 If  If  If 


r>  o If 
v>  (VI  o X X ro 

a I 9 ^ A 

Uj  > 4 tf  IT  if 

O • • • • 

a 

c 


a 9 X © A 

C A ^ X X X 

U.  » If  If  IT  IT 

C • • • « 


< 9r*.xr^ 

o ^ If  9 X X 

C ♦ c © c © 

«l  K If  If  If  If 

• • • • 


© A 9 4 
© C © 9 
e c e o 9 
X If  If  If  . 4 


A*  4 r 9 
^ r © r'  9 
I o c o c 
S'  4 4 4 4 


4 O 4 X 
A A C tf  O 
• X X X X 
K 4 4 4 4 


y u.  If  if  if  if 

9 7 2 7 17 

« 4 C X A 

-•  A X ^ 4 A 

U'  X W A A' 

*•  A A 


If  C 4 4 4 4 

If  ^ fs  A l\  A 


X X ^99 

A if  O 4 4 9 
♦ X A A If  4 
>44444 


A 4 © 4^^ 
•-  IT  © X If  A 

♦ A 9 X X X 
>44444 


X e A 9 ^ 
If  © © fr  4 
C<  X © © A A 
> 4 If  if  4 4 


9 A 4 ffX 
— 4 ^ r*.  A 4 
I 9 ^ M X X 
> 4 If  If  4 4 


A 4 If  9 
in  A 4 ^ X ©X 
ft  I © A A 9 9 
U.  > IT  a if  4 4 

o • • • • • 

ft 

o 


ft  9 9 X n A 
C A IT  C © 4 n 
♦ A A «-•  A 

U.  K If  If  if  If  If 

c • • • • • 


4 •«  X X r)«« 

c •-  A 9 X A 
c ♦ c ^ c © « 

^ X If  If  If  If  IT 


9 f'  A © A 
X © O 9 © 
09099© 
W 4 if  4 4 if 


IT  9 9 A 4 

C X X ^ X 

I 9 o a 0 o 

K 4 4 4 4 4 


9 9 X A A 
A 4 A A X X IT 
♦ X A X A if  A 
> 444  44  4 


o rt  »•«  A 4 X 
« 9 4 9 X A 
♦ 9 X X X X X 
>444444 


X X if  r:  9 X 
9 9 © © A © 
r 9 9 C © A c 
> 4 4 IT  if  4 if 


M n X if  o X 
^ A O X C X «**> 
I o ^ X ^ 
> if  if  if  if  4 If 


e 9 4 9 X A 
ifA4©AOAX 
ft  I ^ A n A 9 A 
U > X X X ifW  X 

o ♦••••• 

ft 

o 


ft  ««  9 X 4 © X 
l5(V.(np4r^A99 
♦ ^ A A ^ ^ 

ifeXXIflflflfU^ 

c •••••• 


9 9 X •-X 
f ^ r..  fw  #»  4 
• X A A X A 
X 4 4 4 4 4 


If  u if  If  if  u X 

O 7 7 7 7 7 7 

« X C 4 C A 

J > X 4 A 

U X X O A A 

•-  A A*  r» 


if  C A A A A A 
i*  ^ A A O A f 


4 4 n 4 X X ^ 

L>  M A 9 © © 

c 

^>r|fXXXXX 


X 4 A X 4 A 
0 0 9 © © © 
0 0 0 9 © © C 
> X X 4 X X X 


r*  A — c X 9 
M 4 o X A O 9 
I C O X O 0 o 
M 4 4 4 4 4 4 


^ X 4 X 4 e 
A A 9 © A e 9 
I X A A X X A 
K 4 4 4 4 4 4 


lfU,VlfXif<flf 

0777X777 

«a>xC44XA 

»'>X^f^A4A 
Urf  X X 9 ^ A ' r» 
^ A-  f»>  « A n 


XCXXX  XXX 

ik«AfAAAA 


-V  ■ 


I 


9* 

m 

in 

C 

4 

e 

4 

• 

a 

r» 

4 

n 

4 

<V  ^ 

r 

a 

n.  r* 

4 

a 

r* 

IT 

c. 

<V 

r 

n 

a 

IT 

f*- 

♦ CO 

in 

r* 

♦ w 

« 

4 

4 

« 

K 

♦ 

C 

h- 

or 

4 

♦ 

c 

CD 

4 

4 

n* 

>>  <4 

• • 

• 

4’ 

• 

4 

• 

> 4 

• 

4 

• 

4 

• 

4 

• 

4 

• 

4 

• 

>> 

4 

• 

4 

« 

4 

• 

4 

• 

4 

• 

> 

4 

• 

4 

• 

4 

• 

4 

• 

4 

• 

4 p)  e 4 ^ e 

' > 

4 IV  4 

M ^ in  Aj 

— e in  9 

^ ^ M 4 in  ^ 4 

M 4 

e in  e e 

M ^ M 4 n 4 

♦ 4^444 

♦ 4 a 4 4 4 4 

♦ nj 

9‘  4 4 ^ 

♦ 4 4 4 4 4 

V 4 4 4 4 4 

>444444 

> 4 
• 

4 4 4 4 
• • • • 

>44444 

<VJ  4 4 4 4 

4 in  n>  4 > 

4 ^ Ai  «C  CD 

O 4 A^  4 O 

4 4 4^4 

404040 

4 0 0 4 4 

0 4 4 0 0 

4 4 4 4 > 4 

O 4 04  O 4 O 

on  0 0 4 4 

004400 

>44444 

> 4 in  4 in  4 in 

> 4 mm  4 4 

>m44mm 

* Aj  Al  O 4 m 

^ K O 4 4 O 

e 4 4 > 

n 4 4 4 

•-  or  4 n ^ ^ 

*-  a 4 © N 4 <r 

4 

4 4 4 4 

«>«  4 a 4 oc 

f O © .^  00  ^ 

1 O O ^ M © M 

1 4 

O <^0  © 

1 e e o 

> m m m 4 m 

> m m in  in  m m 

> 4 

• 

mm  m m 

• • • • 

> m m m mm 

z 

z 

Z 

z 

Ni« 

04 

M 

w 

^ aj  4 c 

4 n 4 > ..4  4 

AJ  > AJ  > 

e 4 4 

v>  Aj  n*  > 4 oc  ^ 

mAtm4onr^4 

in  Aj  m 

4 0 4 4 

in  Aj  4 O 4 AJ 

a 1 1-4  ^ A.'  oc  aj 

o i,.^^mrj*ii4Aj 

a.  f m 

oM  n ^ ^ 

O'  1 ^ M ^ M Aj 

lb  > IT  IT  IT  4 IT 

uj>iniriririnin 

tb-  > 4 

IT  m IT  IT 

lb  > IT  IT  m IT  IT 

o • • • • • 

o •••••• 

o • 

• • • « 

o • • • • • 

a 

or 

a 

a 

o 

O 

o 

o 

o 

o 

o 

o 

►4 

Cfc  4 n 4 © 4 

q:  a>  n m 4 4 4 

d n 

4^4  AJ 

a 4 n o 4 o 

© A»  n 4 > n 4 

©Afn4A^44© 

C At  4 

4 Aj  IT  4 

O Aj  AJ  4 Al  m O 

♦ M ^ ^ ^ 

♦ ^ 04  AJ  Al  AJ 

♦ 4 

^ ^ ^ 

4 po  04  AJ  o«  Al 

b.  X m m m m m 

tbxmmmirmm 

lb  X 4 

mmm  m 

lb  X m m m in  m 

c • • • • • 

c •••••• 

C • 

• • • « 

c • • • • • 

z 

z 

Z 

z 

o 

o 

o 

c 

b4 

bo 

> 

> 

> 

> 

< 4 4 •<«  4 

< O 4 K 4 

< 4 

AiO  O 4 

« 4 © Al  4 O 

0^44444 

U«-4>0^440 

U ^ ^ 0^4  4 

U 4 4 O 

C ♦ C © C © fc. 

O 4 044o4o40«M 

0 4 4 

•M  •>«  o O 

c ♦ e C •*«  © 

^ X IT  m m in  m 

• • • • • 

.jxiTiTinmmm 

-1X4 

• 

m in  m m 

• • • • 

-j  X m m m m m 

• ».  • • • 

4 IT  4^  r)  > 

o»  rv  04  o 

4 

mo  A.  4 

4 b*  ««  IT  AJ 

4 9 9 4 4 

e o o o © o 

n 

o o o o 

4 O O 4 

©44444 

o o o © o e o 

o > 

o o e o 

040040 

X 4 4 4 4 4 

X in  in  m m m m 

X 4 

• 

minm  in 

• • • • 

X 4 m m 4 m 

> m m A.  IT 

r»  4 « © > 

n n m A*  in 

4 © © C 

AJ  4 4 AJ  4 

04  n 4 o m ^ 4 

M © © C AJ  O 

o«  n O © Aj  © 

I 9 a or  9 01 

1 9 or  a a 9 o 

1 © 9 cr  9 9 

10  9 9 0 9 

X 4 4 4 4 4 

X 4 4 4 4 4 4 

X 4 4 4 4 4 

X 4 4 4 4 4 

4 r>  oc 

9 A 

o«  A 4 4 4 © 

© cc  r> 

m 4 4 n 4 

A 4 4 4 

m e 

A © 4 © p-  n 4 

A C 

O © 4 O 

A © e.©  4 o 

# © > o o 

1 

c > > > « > 

1 m 

OD  A-  OC  « 

1 OD  C > tt  C 

X <9  4 4 

• • • 

4 4 
• • 

X 

4-44444 

X 4 
• 

4 4 4 4 
• • • • 

X 4 4 4 4 4 

c 

o 

c 

c 

lb 

u 

9 b 9 

9 9>  m 9 

mu  m99'9'99 

9.  U 9 

mm  9 9 

9 u 9 m 9 m.  m 

a z z 

z z z « 

&XZZZZZZ 

& z z 

z z z z 

a z z z z z z 

« ^ © 

C 4 C A 

«b-©©44CA 

4 

04  O A 

4 ^ © O 4 C A 

^ > o 

o-  n 4 N 

u > OD  f-pn  A 4 > 

-ini 

*«n  4 N 

^ > OD  b«n  4 n 

Ui  © 

oc  4 A n 

bJ  © 00  4 A m 

UI  © 

• 4 A n 

UI  © OD  4 An 

o« 

• 

An  Am 

• • • • 

<M  Ano«  An 

• 

An  An 

• • • • 

•*«  An  An 

> • 

> • 

> • 

> • 

9 0 4 4 4 4 4 

m>coocooo 

9 C'M.OOMOP'M 

9 O A A A A A 

U'  Z A A A A A 

u-  z n r n n n n 

lb  z n A n n n 

lb  z n n n n n 

> 

>• 

> 

> 

57 


o (sj  (V 

fv  a a c c (V 

> ^ ^ ^ ^ 


i/>  IT  ^ r*. 

^\r  o-  ^ O'  >c 

4 ^ CD  9 QO  0 
^ ^ ^ 


CO  O O'  K O 
(M  e 9^  4C  O 
f»  e 9*  9 © 
> IT  -t  < tr 


h.  r*.  9 M 

^ « 0 IT 

I c ^ o o 

V ^ to  IT  IT  (T 


•9  o e IT 
<r  (V  •M  0 o 9 
a icfVfp-tMfv 
U.'  > ^ IT  IT  tr  IT 

o • • • • • 

ft 

o 


ft  ^ « irt 

c (Vi  r*  e ^ o 

♦ M (Vi  M (Nj 

u.  K IT  IP  IP  (TIT 


< K (MIP  C 

u •^r>»  © h>  0 e 

C ♦ C ^ © © iM 
•J  X IT  ipip  UMr> 


9 (n  f*“  « (V. 

© e 9 9 c 

© © © 9 9 © 

X 4P  IP  ^ IP 


9 & (»>  IT  © 

9 9 «■•  © 9 

I 0 a c 9 a 

X ^ ^ ^ ^ ^ 


^ r.  (Vi  ^ 9 

P a 9 -#  © cc 

• ft  © 0 K 

X ^ ^ ^ « 


I/*  U IT  9 IT  IT  V 

ft  X 1 T S T S 

« ^ © C « « (V 
K C M P>  ^ P- 
^ © a ^ p n 

••  PI  ^ (Vi  n 


IT  o (p  D r>ip  ix 

u-  i (p  #p  (T  r*  n 


^ n r*  © 9 
prp^fVx- 

♦ 0 or  IT  a 1^ 
> 


♦ 9 9 © 9 C 
> ^ © ^4 


©|P(P©  — 
0 © fP  © © 

c.  9 e oc  c c 

> 't  IP  >4  IT  IP 


(Vi  « © f^  (P 

^ r«-  9 a <r  <p 

I 0 0 9 0*^ 
>>  IP  IT  4^  IP  IT 


© 9 4 0 4 
IP  (Vi  4 © 4 © © 
q;  I ^ m m m (Vj 
Ui  >•  IT  0 ir>  IT  0 

O • • • • • 

ft 

o 


ft  (p  e 0 0 (vj 
C (V.  (VJ  9 0.©  ^ 
♦ ^ M (VJ  M (Vj 
U.  X 0 0 0 0 0 

o • • • • • 


< r>»  (Vi © (M0 

U ^0  9 ^0  C 

C ♦ O O ^ C M 

^ X 0 00  0 0 


0 0 © © © 
9 9 9 0© 
0999©© 
X 4 4 4 00 


© K 9 © 9 
•-  (Vi  9 © —0 
I 9 Q a o a 

X 4 4 4 4 4 


0 0 9 9 9 
(V  0 9 r (V,  P 
I ©KfoCP- 
X 4 4 4 4 4 


C 
Ik  * 

9 I*  0 9 0 9 0 

ft  X X X Z X s 

4 ^ © O 4 C (V. 

^ ^-  © M(Vi  4 

1^  © 0 M (Vi  (P 

••  (Vi  P.  (P  . 


0 C 4 4 4 4 4 

u.*S  r r-  r r e 


•♦‘-HXhi'v-'- 


DISTRIBUTION 


No . of 
Copies 

Defense  Documentation  Center  12 

Cameron  Station 
Alexandria,  Virginia  22314 

Commander 

US  iy  Materiel  Development  and  Readiness  Command 
Attn:  DRCRD 
DRCDL 

5001  Eisenhower  Avenue 
Alexandria,  Virginia  22333 

Office  of  Naval  Research 

Attn:  Mr.  A.  M.  Diness,  ONR  471  1 

800  North  Quincy  Street 
Arlington,  Virginia  22217 

Superior  Technical  Services,  Inc. 


Attn:  T.  Ward  1 

4308  Governors  Drive 
Huntsville,  Alabama  35805 

DRSMl-LP,  Mr.  Voigt  1 

DRDMI-T,  Dr.  Kohler  1 

-TER,  Mr.  R.  Russell  1 

-TG  1 

-TL,  Mr.  Lewis  2 

-TLA,  Mr.  Pettey  12 

-TLA,  Dr.  B.  Mullinix  31 

-EA,  Mr.  Greene  5 

Mr.  Matthews  1 

-TBD  3 

-TI  (Record  Set)  1 

(Reference  Copy)  1 


59 


1 

1 


